Background
In the Prospective comparison of ARNI with ACEI to Determine Impact on Global Mortality and morbidity in Heart Failure (PARADIGM-HF) trial, sacubitril/valsartan (formerly LCZ696) * reduced the primary composite outcome of cardiovascular death or heart failure hospitalization compared to enalapril in patients with symptomatic heart failure.
1 Sacubitril inhibits the enzyme neprilysin, which plays a role in the breakdown of natriuretic peptides, increases natriuretic peptide levels, which may result in a natriuretic effect. 2 Loop diuretics, frequently used in patients with heart failure, can lead to neurohormonal activation, 3, 4 electrolyte abnormalities, and worsening renal function, 5 and higher doses of diuretics have been associated with worse outcomes. 6 -8 The goal of this analysis was to investigate post-randomization differences in diuretic use among participants randomized to sacubitril/valsartan compared with enalapril in the PARADIGM-HF trial. We hypothesized that sacubitril/valsartan would be associated with reduced diuretic dose requirements compared with enalapril.
Methods

Patients
The study design of PARADIGM-HF has been previously reported. Briefly, patients with New York Heart Association (NYHA) class II-IV heart failure with reduced ejection fraction (≤ 40%) and mild elevation in natriuretic peptides entered sequential active run-in phases in which they were up-titrated to enalapril 10 mg bid followed by sacubitril/valsartan 200 mg bid. After run-in, they were randomized to sacubitril/valsartan 200 mg bid, or enalapril 10 mg bid. Patients were followed for a median of 27 months. The trial complies with the Declaration of Helsinki; locally appointed ethics committees approved the research protocol and informed consent was obtained from all subjects.
Assessment of diuretic use
Use of diuretics (non-loop and loop type) including name of drug and dose were collected at baseline, 6, 12, and 24 months post-randomization on case report forms. For loop diuretics, furosemide dose equivalents were calculated, with bumetanide 1 mg or torsemide 20 mg considered equivalent to 40 mg of furosemide. 9 
Statistical analysis
Baseline characteristics were summarized by diuretic use (no diuretic, non-loop diuretic, loop diuretic). For loop diuretic, categories were created based on dose: < 20 mg daily, 20-40 mg daily, > 40 mg daily). Data from participants with missing dose information for loop diuretics (n = 803) were excluded. Baseline characteristics between diuretic use groups were compared with chi-square test for categorical variables and ANOVA for continuous variables. The percentage of patients with reductions or increases in loop diuretic dose was calculated at 6, 12, and 24 months post-randomization and compared between enalapril and sacubitril/valsartan treatment arms via regression.
Results
Out of 8399 validly randomized patients in PARADIGM-HF, 80.8% of participants were taking any diuretics [n = 6290 for loop diuretics, n = 496 for other diuretics (e.g. thiazide)] at baseline. Of those, recorded, dosage data for loop diuretics were available on 5487 participants out of 6290 (furosemide equivalent < 20 mg, n = 438, 7.3%; furosemide equivalent 20-40 mg, n = 3625, 60.6%; furosemide > 40 mg, n = 1424, 23.8%). A total of 7259 participants had diuretic doses available at baseline and at least at one additional time point. Use of any diuretics was associated with higher NYHA . class, lower ejection fraction, higher body mass index, greater likelihood of prior heart failure hospitalization, hypertension, diabetes, atrial fibrillation, digoxin use, mineralocorticoid receptor antagonist (MRA) use, higher creatinine, higher N-terminal pro brain natriuretic peptide (NT-proBNP), and lower incidence of ischaemic aetiology ( Table 1 ). Higher diuretic dose was associated with worse NYHA class, higher likelihood of prior heart failure hospitalization, hypertension, diabetes, atrial fibrillation, use of digoxin, higher creatinine, and higher NT-proBNP. In a multivariable model, changes in diuretic dose from baseline to 6 months were positively associated with baseline body mass index and NT-proBNP, and inversely associated with baseline use and dose of MRA, digoxin, baseline weight, and randomization to sacubitril/valsartan (all P < 0.01). Doses of spironolactone and eplerenone at 6 and 12 months were also associated with 6 and 12-month diuretic changes, but the effect of sacubitril/valsartan on diuretic dose reductions remained significant after adjustment for MRA dose changes and post-baseline changes in systolic blood pressure and weight. Systolic blood pressure, weight, and MRA use and dose did not modify the effect of sacubitril/valsartan on diuretic dose changes at 6 and 12 months (all P > 0.1).
Mean baseline furosemide equivalent doses were 48.2 mg for sacubitril/valsartan and 49.6 mg for enalapril (P = 0.25). Participants assigned to sacubitril/valsartan had more frequent diuretic dose reductions and less frequent dose increases compared to those taking enalapril at 6, 12, and 24 months ( Figure 1) . As a result, patients randomized to sacubitril/valsartan had lower use of diuretics at 6 months (net reduction 2.0%, P = 0.02), 12 months (net reduction 4.1%, P < 0.001) and 24 months (net reduction 6.1%, P < 0.001) relative to enalapril with similar differences seen in an on-treatment analysis.
Discussion
We found that in PARADIGM-HF diuretic use at baseline was associated with a more severe burden of illness. Patients randomized to sacubitril/valsartan had lower subsequent use of diuretics, with fewer loop diuretic dose increases and more frequent dose reductions compared with those taking enalapril.
Loop diuretic use has been associated in prior studies with worse outcomes in heart failure, although the extent to which diuretic use represents a marker for sicker patients and thus increased risk, or plays a causal role remains unclear. Several studies, including those with adjustment for the propensity to be treated with loop diuretics, have documented an association between loop diuretics and a greater risk for hospitalization or death due to worsening heart failure, all-cause mortality, cardiovascular death, and sudden cardiac death compared to non-use.
5 -8,10 There appears to be a dose-related association, such that higher doses of diuretics are associated with greater risk compared with lower doses. 5 Several mechanisms have been proposed by which loop diuretics may increase risk in heart failure. Loop diuretics, through their actions on the sodium/potassium/2-chloride co-transporter, lead to secretion of renin, with resulting neurohormonal activation. 3, 11, 12 Increased levels of plasma renin ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CRT, cardiac resynchronization therapy; HF, heart failure; ICD, implantable cardioverter defibrillator; IQR, interquartile range; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro brain natriuretic peptide; NYHA, New York Heart Association; SD, standard deviation.
activity, suggestive of neurohormonal activation, have been independently associated with increased risk of mortality in patients with heart failure. 13 Diuretic use in the presence of neurohormonal activation has also been shown to portend worse outcomes.
14
The reduced relative need for diuretics in patients randomized to sacubitril/valsartan may potentially be secondary to the natriuretic effects of sacubitril or the presumed improvement in haemodynamics that may occur with sacubitril/valsartan. Sacubitril/valsartan is not associated with weight loss, however, suggesting that any diuretic effect is weak. While there are not any demonstrated haemodynamic data in heart failure patients treated with sacubitril/valsartan, sacubitril/valsartan is known to decrease NT-proBNP substantially within 4 weeks of therapy, consistent with a relatively rapid improvement in haemodynamics with administration. 15 Since investigators were blinded to therapy, diuretic dose reductions were prompted by changes in patient symptoms, which improved in patients randomized to sacubitril/valsartan.
16 Conversely, it is also possible that sacubitril/valsartan lowered blood pressure more than enalapril, necessitating reduction of diuretic doses.
Diuretic use has been implicated in greater risk for hypotension in patients receiving renin-angiotensin system inhibitors; if diuretic . Several limitations of this analysis should be noted. The differential use of diuretics among participants randomized to sacubitril/valsartan compared to enalapril was not a pre-specified analysis. Doses of diuretics were not available for all participants, which could lower the precision of dose change comparisons between groups. We compared diuretic use at discrete time points and may have missed interim changes in diuretic use that may not have been captured at study visits. Diuretic dose changes were not available at earlier time points after randomization, which could have been of interest given the quick onset of NT-proBNP reduction by sacubitril/valsartan. Additionally, there was limited information on medication dose changes during the run-in period of the PARADIGM-HF trial; these data could have further informed trends on diuretic dose adjustments after initiation of sacubitril/valsartan. Reasons for diuretic dose changes were not captured in the study. Lastly, there could be incomplete capture of non-loop diuretic changes or addition of MRAs. In summary, treatment with sacubitril/valsartan was associated with more loop diuretic dose reductions and fewer dose increases compared with enalapril in the PARADIGM-HF study, suggesting that treatment with sacubitril/valsartan may reduce the relative requirement for loop diuretics in patients with heart failure with reduced ejection fraction. These findings may be relevant to clinicians treating patients concomitantly with sacubitril/valsartan and diuretics.
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